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ABSTRACT
This paper is threefold in purpose; it aims to explore the relationship between the growth of
manufacturing and service sectors and income inequality, determine if GDP growth helps
reduce income inequality, and establish the existence of the Kuznets Curve from 1967-2017.
The data supports an inverse relationship between growth in the manufacturing sector and
income inequality however is not sufficient enough to conclude growth in the manufacturing
sector impacts income inequality. Growth of GDP is shown to decrease income inequality
which supports the notion that “a rising tide lifts all boats” and makes everyone better off
than before. The positive impacts of GDP growth are equal in magnitude to the negative
impacts of the service sector so if the economy grows but the service sector grows faster
inequality will increase. Finally, the data confirms the existence of a Kuznets Curve in the
United States over this time period.
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Introduction
This Senior Capstone Research Project explores the relationship between income inequality
and the allocation of labor to the agriculture, manufacturing and service sectors in the United
States from 1967 to 2017.

Today the most common measurement of inequality stems from a study published by
sociologist Corrado Gini in 1912. A Gini coefficient
measures inequality of some distribution, using a
Lorenz curve (Pictured right). The 45 degree line
represents perfect distribution where by 20% of the
population has 20% of the income and the line
below shows the actual distribution. The shaded
area between the two lines is the Gini coefficient. A
score of 1 represents complete inequality where 1 person holds all the wealth and a score
close to zero represents perfect distribution.

U.S. Gini index of income inequality
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that the U.S. has a more favorable
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distribution than the rest of the world; however it needs to be noted the U.S. coefficient is not
close to other developed countries. As you can see from the above chart the Gini coefficient
has been steadily increasing for years and is at its highest levels ever, which is cause for
concern.

From 1993 to 2012 the bottom 99% of income earners saw a real increase in their incomes by
a mere 6.6%. Over that same time horizon, the top 1% of earners witnessed their incomes
grow by an astounding 86.1% (Saez, 2013). Clearly, there is a discrepancy in the growth of
wages during this time across income quintiles. According to a 2013 study published by the
Organization for Economic Co-operation and Development (OECD), a group of 34 developed
countries, the U.S. ranks second to last (only after Chile) in before taxes and transfer income
inequality. After accounting for taxes and transfers, the U.S. ranks 10th in this list of countries
for income inequality after countries like France, the U.K, and Ireland who all have more
equal distributions.

During this same time period the U.S.
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by the manufacturing sector. I am interested in examining how the sectoral shift from
manufacturing to services impacted income inequality in the U.S. from 1967 to 2015.

There are two approaches to defining the income inequality variable. Pikkety and Saez
(2003) use income groupings of the top 10%, 5%, 1%, .5%, .1% and .01% of income earners’
shares of all U.S. income, and how they have changed over time. The advantage to this
approach is it can provide insight into how income changed for the “wealthy” and “ultrawealthy” over a given time period.

The alternative measure of income inequality is the afore mentioned Gini coefficient,
published by the World Bank. I chose to use the Gini coefficient because it is a more current
measure of inequality (available up to 2017) and it considers the population as a whole and
not just the rich.

The second set of data comes from the Bureau of Economic Analysis (BEA) and shows the
sectoral shifts in the economy that have occurred over time. The BEA publishes a sectors
percentage contribution to GDP over time. Included in this is total U.S. GDP which is used to
calculate growth in GDP.

This research is relevant now more than ever because income inequality increasing and our
economy is shifting to the service sector. To date, very little information regarding this topic
exists so these findings will help focus the research efforts of other economists.
Understanding the historical effects of a sectoral shift on income inequality will leave policy
and decision makers better prepared to minimize the negative effects of income inequality.
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Literature Review
Our world is currently experiencing a perplexing paradox. Inequality between countries has
decreased significantly, due major economic progress in poorer countries. At the same time,
inequality within countries has significantly increased (Verbeek, 2015). The International
Monetary Fund (IMF) conducted a study that found from 1990-2010 inequality increased
11% within emerging economies. This indicates that while poorer countries are catching up
in income inequality, within developed nations it is getting worse. In that same study they
also discussed the consensus in the literature is that income inequality hinders economic
growth . (Ostry et al. 2014). At the same time, in the last 20 years, the share of service based
jobs in the U.S. has skyrocketed from 60% to 80% of the economy while manufacturing jobs
have plummeted from 35% to 20% (Bureau of Labor Statistics, 2012). Since income
inequality can retard economic growth, it is imperative to determine the causes of such
inequality. This research seeks to determine the relationship between these shifts in the
economy and income inequality.

To execute this research, conduct an empirical quantitative analysis will be conducted. My
perspective on this topic has been shaped through my past courses in finance and economics
as well as a personal interest in income inequality. Taking Public Finance with Professor
Bates offered insight into the huge discrepancies of income in the U.S. At the same time, in
the Archway Investment Fund I more clearly understood the historical weightings of
company’s market caps in benchmarks and how technology and service companies surged
recently. Thus, I questioned if the changes in the economy impacted income inequality at all.
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Background/History
Research into income inequality begins with the pioneer study published by Simon Kuznets in
1955. Kuznets proposed the idea of an inverted U relationship between economic growth and
income inequality, called a Kuznets Curve. He argued that in the early stages of an
economy’s development, increasing levels of income inequality occur, while as development
continues the level of income inequality decreases. Historically, as economies develop they
transition from agricultural production to manufacturing; this implies that as an economy
develops and transitions from an agrarian to a manufacturing, income inequality initially rises
and then falls afterwards. The Kuznets Curve exists because the new sector will initially be
more profitable than the previous and the labor moving into the more profitable sector will
cause inequality to rise until the majority of the population shifts over and inequality starts to
fall again. In effect, the newer sector is more profitable because workers in it have a higher
productivity of labor. This means that their wages should also be higher, since wages are a
function of some productivity.

One major limitation Kuznets had with his proposal was the lack of data that existed. His
publication was more of a call to arms for economists to address issues like these and start
collecting data and performing analysis to empirically prove the inverted relationship between
GDP growth and inequality.

Literature Review
Since Kuznets published his original study there have been countless attempts to prove or
disprove the existence of a Kuznets curve as an economy develops. Ravallion and Chen
(1997) and Deininger and Squire (1996) published dissenting views with Kuznets. They
-8-
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suggested more robust estimators than growth to income inequality and in the process added a
larger sample size to the research.. Huang (2012) recently disagreed with any affirmation of
the existence of a Kuznets curve due to a statistical bias. He pointed out that the test
researchers were performing to test for the Kuznets Curve inherently pointed towards the
existence of the relationship since the Kuznets curve is supposed to be “U” shaped. Therefore
when you run a quadratic test on it you are more likely to get “erroneously yield a U (or
inverted)” shaped result. For this reason he suggested testing it differently to ensure that at
low values the relationship is decreasing and at higher values the relationship is increasing.
Finally, most recently Beddoes (2012) proposed an augmented Kuznets Curve that increases
at the end due to high income sectors benefitting from an economic boom.

One thing researchers do agree on is that some type of income inequality exists in all modern
nations. However, there is little consensus on it’s effects on growth or the best way to address
it. Barro (2000, 2008) found no statistically significant relation in income inequality and
growth of a nation. Barro’s study included 84 “sovereign nations.” Some setbacks Barro
faced was that some of his data was tampered with by the governments and therefore not
clean which could skew the results. Ultimately, Barro concluded that income inequality
slightly benefitted growth in richer countries and retarded growth in poorer countries. This
point is important because it sets a base line for how income inequality should affect a
developed country like the U.S by retarding growth. On the other hand, Perotti (1996) found
that income inequality and investment have an inverse relationship that can prove fatal to
development of a country, developed or developing. Similar to Barro he used a panel of 70
countries in his study. He calls investment “the primary engine for growth”. Income
-9-
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inequality impedes investment because only a few rich people determine where capital is
allocated. Therefore money is not efficiently allocated to where it should be and growth is
hindered as a result.
In Capital in the 21st Century Thomas Piketty, one of the most profound income inequality
experts of this generation, argues that income inequality is inherent in a capitalistic society
since the return of capital is greater than the growth rate of the economy (rcapital > geconomy).
Lopez-Bernardo (2016) criticizes some of Piketty’s points by coming up with four arguments
against what he says. The most important of these is that post-Keynesian economists can
learn from Piketty’s insights about personal income distribution and incorporate them into
their models. This nullifys Piketty’s point of it being inherent because they argue that if you
know what causes it you can get rid of it.

In these different perspectives to decreasing income inequality, one side of researchers offer a
classical approach by leaving the market alone since it will eventually reach an equilibrium.
The opposite perspective on how to deal with inequality is strict government regulation in
order to redistribute incomes with less inequality (Spithoven, 2013). Spithoven concludes
that income distribution cannot be left to the market alone but society rather needs the
government to ensure market reform conducive to a “more favorable” distribution of income.
Peterson (2001) would argue that government intervention has further increased income
inequality. He agrees that some policies are needed to improve income inequality however he
notes that it is not only the policies that the government is creating that are contributing to the
problem, but also “what they have not done is also contributing to the increase in income
inequality in the past two decades”. Special interest groups can cause policy makers to shift
- 10 -
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focus and thus pass watered downed versions of what really needs to be passed to lessen
inequality.

I agree more with Peterson’s perspective. He understands that today there is too much focus
on the policies that are being proposed and how they “could” help income inequality. Instead
society should focus on where we still need reform and regulation because the regulation that
does come through is often too diluted from the political environment, resulting in little to no
effect. My research topic is intended to provide insight into whether or not certain industries
help or hinder the income inequality in the U.S. and thus the government could create policies
to help.

EMPIRICAL MODEL AND DATA SOURCES:
The model I chose to empirically study this relationship is based off of Gonzalez and
Resosudarmo (2016), where they explored sectoral shifts impact on income inequality in
Indonesia. The model is best described by Eq. 1.
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = 𝛿𝛿 + 𝜷𝜷1 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝜷𝜷2 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝜷𝜷3 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 + 𝜷𝜷4 𝐺𝐺𝐺𝐺𝐺𝐺 + 𝜷𝜷5 𝐺𝐺𝐺𝐺𝐺𝐺2 + 𝝋𝝋𝝋𝝋 + 𝜀𝜀

(Eq. 1)

Where:

GINI

is the U.S. yearly Gini coefficient

𝜷𝜷𝒏𝒏 𝑔𝑔𝑔𝑔 is the per capita growth of GDP value added by the manufacturing (M) and
service (S) sector

𝜷𝜷𝑛𝑛 𝐺𝐺𝐺𝐺𝐺𝐺 is GDP and GDP squared to test for the existence of the Kuznets Curve

𝝋𝝋𝝋𝝋
𝜀𝜀

are the additional covariates of unemployment and education
is some error term
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These data come from the Bureau of Economic Analysis. They published yearly industry
value added to total GDP. I divided this by the population of the United States to get per
capita industry value added. I then used the NAICS classification codes for each sector to
aggregate and get total GDP for each sector. See Appendix A for a list of industries in each
sector. From here I calculated the 5 year average growth rate of each. Using growth rates for
sectors eliminates any statistical unit roots issues and is better because absolute levels are
linearly biased whereas growth rates vary. 𝝋𝝋𝝋𝝋 includes data on education and employment to
population as well as growth of GDP. The data for education are obtained from the United
States Census Bureau. It is a measure of the percent of the population that is older than 25
years and have completed at least 4 years of college. The employment data are gathered from
the United States Bureau of Labor Statistics. The employment to population ratio is used to
control for population. Both of these controls are on a per capita level. This ensures that
demographics of the population are not driving the output but rather the meaning behind the
economic variable.

The growth of GDP variable is used to control for the growth of all other

sectors not accounted for in this model.

For a complete descriptive summary and correlation table reference Appendix B.

Statistical Corrections
In order to ensure robust results various statistical tests were conducted for multicolinearity,
homoscedasticity, and serial correlation. I calculated the variance inflation factors (VIF) for
this model and got a mean VIF of 99.35. This is substantially higher than 10 which would
suggest multicolinearity exists. One reason for this multicolinearity could be my small
sample size of 45 observations. While small, these observations should still have good
- 12 -
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predicting power because they exceed the recommended 35 observations. To look more into
this high VIF I looked at the correlation matrix. The highest correlation is between GDP and
GDP2. This makes sense because GDP2 is a derivation of GDP. Also when I look at the
breakdown of VIF the two highest factors involved those two variables. Because they are not
correlated by chance and have a dependent effect I will not worry about correcting for this
multicolinearity.

Second, with multicolinearity taken care of I decided to test for any heteroskedasticity in my
data to ensure that the OLS estimator assumptions were met. At first I created residual plots
for all of my variables but did not see any heteroskedasticity in the data. To be sure I
calculated a White’s test (Appendix D). The White’s test failed to reject the null hypothesis
of homoskedasticity. To ensure the reliability of this test, I also performed a Breusch-Pagan
test for heteroskedasticity (Appendix E). This test also confirmed that the dataset was
homoskedastic in nature. Because it is homoskedastic in nature it satisfies the assumption for
an OLS regression and no transformations needs to be carried out.

Last, I checked for serial correlation amongst the dataset. I performed a Breusch-Godfrey test
(Appendix F). The test confirmed the presence of serial correlation by rejecting the null
hypothesis. To verify the accuracy of this test I also performed the Durbin’s alternative test
for serial correlation (Appendix G). This yielded the same result so I can confidently
conclude that some form of serial correlation exists. . Now that I diagnosed serial correlation
I determined the extent by calculating a Durbin-Watson d-statistic. The d-statistic was
1.0504. This statistic ranges from 0 to 4 with 0 representing perfect positive serial
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correlation, 2 meaning no serial correlation and 4 representing negative serial correlation. A
value of 1.0504 is less than 2 which confirms the presence of positive serial correlation.

RESULTS AND DISCUSSION
Existence of Kuznets Curve

To correct for the serial correlation I used the Cochrane-Orcutt(CO) method. After completing
this method the transformed Durbin-Watson statistic was 1.8002 which is much closer to two
and therefore corrected for the serial correlation.
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As you can see from Table 1 there is a significant coefficient on the growth of service sector
but insignificant coefficient on the growth of manufacturing sector vector. The growth of
service coefficient of .3004 means that a 1 point increase in the growth of GDP will increase
the Gini coefficient and thus inequality by .3. Because the growth is measured as a
percentage in decimal format this suggests a 1% increase in the service sector raises the Gini
coefficient by .0034 points. This is to say that as people enter the service sector income
inequality increases. However, people leaving the manufacturing sector doesn’t affect income
inequality. Thus the growth of the manufacturing sector has no predictive power.
One of the interesting results is the significance and sign on GDP and GDP2. GDP is positive
and significant at the .01 level and GDP2 is negative and significant at the .05 level. This
means that GDP is a significant predictor of income in equality in the U.S. Because GDP2 is
negative that means that GDP is related to Gini coefficient in a negative quadratic. This
agrees with the Kuznets curve that Kuznets proposed in 1955.

The growth of GDP is also significant at the .05 level and negative. This means that as the
economy grows, that is that the GDP gets bigger, inequality decreases. Theoretically as the
economy grows there will be more jobs and people will fill those jobs. People who were not
previously working will now be making money and this will decrease inequality in the U.S.
A coefficient of -.2722 means that for every 1% increase in GDP the Gini coefficient
decreases by .0027 points.

It is important to note that the service sector might be underrepresented due to inefficiencies
in measuring productivity. This is because two people in the service sector can work the same
- 15 -
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amount of time however their productivity will be drastically different. A doctor or a
consultant that works an hour will have a different amount of output than a worker at a cashier
at some fast food restaurant. However, all of these occupations get put into the service sector.
In addition to this it is difficult to measure what the true ouput of these workers are so
sometimes the data is unrepresentative of their true contribution to GDP.

CONCLUSION
This paper investigated the effects of growth in the manufacturing and service sector on
income inequality in the United States from 1967 to 2017. In essence, the past literature
explores in detail the factors and consequences of income inequality in the United States. The
literature fails to connect how economic growth, measured by the allocation of labor to
different sectors over time, impacts income inequality. The results indicate that that general
growth of the economy, in terms of GDP, benefits all members of the economy. Also growth
in the service sector increases income inequality while growth of the manufacturing has no
predicting power in determining income inequality. Finally, it also confirms the existence of
a Kuznets Curve.

Growth of GDP decreasing income inequality is a significant finding since it indicates that not
only the rich benefit from the economy growing. This means that “a rising tide lifts all boats
and not just the yachts.” Therefore, as the economy grows everybody is better off because
economic growth creates more jobs that people fill and get paid for. In turn, income
inequality decreases because less people are unemployed and working less skilled jobs.
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It is important to note that this economic growth is almost equal in magnitude to the service
sector results. Market forces continue to move us to the service sector. If this growth is
greater than the growth of the economy, inequality will worsen since the negative effects of
the service sector will outweigh the positive effects of overall growth. However, if the growth
of the economy can sustain at a rate larger than the growth of the service sector, then income
inequality as a whole will decrease. Therefore policy makers should be focusing on growing
the economy as a whole and not just on sector to impact inequality.

Finally, the data also confirm the existence of the Kuznets curve for the U.S. over this same
time period. Therefore as the U.S. economy develops income inequality should initially rise
and then fall.

The Gini coefficient will never be 0 and some levels of inequality are good. With this said
policy makers can target to decrease inequality and make more people better off. These
results suggest that policy makers should not be focusing their efforts on the manufacturing
and service sectors, but rather the economy as a whole. If they can help grow it at a rate faster
than the growth of the service sector then everyone will be better off because the rising tide
lifting all boats will serve the U.S. better than focusing on lifting just one industry.

Future Research
One thing that researchers could look into in the future is the same study with a panel data set
of states in the United States. This would multiply the number of observations by 50 and
make the results more robust because of the larger sample size. This would also control for
any regional effects such as the Midwest being more agricultural based or the Northeast being
- 17 -
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more service oriented. Any econometric model is only as good as the data that is behind it
and unfortunately it would be very difficult to locate state level data for all of these variables .

Another thing researchers can look into in the future is the idea of the augmented age. As
technology advances more and more we are entering an age in which human production is
augmented by a machine of some point. In theory the augmented age would make
manufacturing a more attractive sector than services because humans would be able to lift
more, perform tasks faster, etc. with the help of robots. Therefore someone could look into
the effects of the augmented age on income inequality. Since the manufacturing sector was
not seen as a significant predictor of income inequality there is another sector that is
contributing to the huge increase in U.S. income inequality.

Finally, researchers could segment the sectors into industries. Right now things like “Legal
Services” fall into the same service sector as “Museums”. These are clearly totally different
services being offered. I did not take a look at the significance of each of these industries that
make up the sector. Lawyers are going to make more than museum workers so growing one
of these industries more would definitely contribute to inequality more and therefore
investigating which had a larger impact would prove useful.
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APPENDICES
Appendix A- Manufacturing and Service Industries according to NAICS
Manufacturing:
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Services
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Appendix B- Descriptive Statistics and Correlation Table
Descriptive Statistics
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Correlation Matrix

Appendix C- Variance Inflation Factor (VIF)
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Appendix D- Whites Test for Heteroskedasticity

Appendix E- Breusch Pagan Test for Heteroskedasticity

Appendix F- Breusch Godfrey Test for Autocorrelation
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Appendix G- Durbin’s Alternative Test for Serial Correlation
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